The concept of quantum gravity entails that the usual geometry loses its meaning at very small distances and therefore the grand unification of all gauge interactions with the property of asymptotic freedom happens to be questionable. We propose an unification of all gauge interactions in the form of an "Universal Landau Pole" (ULP), at which all gauge couplings diverge (or, better to say, become very strong). We show that the Higgs quartic coupling also substantially increases whereas the Yukawa couplings tend to zero. Such a singular (or strong coupling) unification is obtained after adding to the Standard Model matter more fermions with vector gauge couplings and hypercharges identical to the SM fermions. The influence of new particles also may prevent the Higgs quartic coupling from crossing zero, thus avoiding the instability (or metastability) of the SM vacuum. As well this fermion pattern opens a way to partially solve the hierarchy problem between masses of quarks and leptons.
Outline
At high energies and momentum transfers the coupling constants of fundamental gauge interactions behave differently [1] . While the couplings of weak and strong interactions decrease (with different speed) as the energy increases, the coupling of the abelian hypercharge interaction related to electromagnetic forces grows unboundedly, and eventually diverges, a behavior referred as Landau pole [2] .
The incorporation of new particles modifies this behavior. From the empirical crossing of gauge couplings at high energies an appealing idea was set forth that the three interactions coincided at a single Grand Unification scale, and this was interpreted to signal the presence of a non-abelian GUT group.
On the other hand, continuing the flow of the three couplings beyond the previous scales would give rise to the running of the hypercharge coupling and its divergence at the finite scale of 10 53 GeV: for a non asymptotic free theory at some energy there will be a pole.
The behavior of the quartic Higgs coupling λ and of the Yukawa couplings, especially of the largest t quark one, under the renormalization flow is also important at high energy. They both decrease, but while y t remains positive, λ becomes negative in the presence of a relatively light Higgs with mass ∼126 GeV [3] . This signals an instability (metastability) of the theory [4, 5] .
The unification of the forces with enlargement of the gauge symmetry to a grand unified nonabelian group guarantees the presence of asymptotic freedom and provides the ability to describe particles and fields at arbitrarily small distances. However, in nature there is also gravity and when energies and momenta approach the Planck scale the quantum gravity effects will certainly alter the picture. Typically models of quantum gravity (see e.g. [6, 7, 8] ) prescribe a minimal point separation below which the notion of length may not exist. Then it is not obvious why one should expect quantum field theory to remain perturbatively valid at or beyond the Planck scale. Then the necessity for asymptotic freedom at the fundamental scale of space-time geometry is a disputable matter.
In our talk we outline an alternative way to treat gauge interactions at a level of the Planck scale (based on [9] ) and elucidate the following topics:
• Do we really need asymptotic freedom?
Our understanding of quantum gravity suggests that at the Planck scale the usual geometry loses its meaning. Then grand unification in a large non-abelian group naturally endowed with the property of asymptotic freedom may also lose its motivation.
• Singular unification: an unification of all fundamental interactions at the Planck scale in the form of a Universal Landau Pole (ULP), at which all gauge couplings diverge.
• Minimal working model of the Universal Landau Pole.
The unification is achieved with the addition of fermions with vector gauge couplings coming in multiplets and with hypercharges identical to those of the Standard Model.
• Stability of the Higgs Potential. The Higgs quartic coupling remains positive and diverges while the Yukawa couplings vanish.
• Softening a hypothetical Landau pole down to very strong couplings in the presence of an ultraviolet fixed point of gauge coupling RG induced by gravity.
Do we really need asymptotic freedom?
Let us formulate pro and contra of the GUT unification:
• Simplicity: the less parameters we have the better predictions we do → unification.
• Asymptotic freedom (flat space-time): the theory is valid up to infinitely high energies.
• BUT what about gravity? At the energies of order of Planck scale M Pl ∼ 10 19 GeV gravity becomes strongly coupled, concept of weakly interacting point-like fields looses its meaning!
• Simplicity + pointless geometry → singular unification.
Singular unification: Universal Landau Pole
We propose a singular unification at the Planck scale: one should find such a generalization of the Standard Model, that under the renormalization group flow ALL gauge couplings meet their common Landau pole at the Planck scale.
Correspondingly kinetic terms of ALL gauge fields vanish and they cannot propagate anymore.
We are looking for a minimal generalization of the SM that satisfy the properties of:
• Simplicity: the gauge group of SM SU (3) × SU (2) ×U (1). We add only fermions. Enlarging the gauge group in principle could be motivated by introduction of a GUT group. However it leads to ULP at 10 16 GeV (see [10] for a review) much smaller than M Pl .
• Higgs sector to remain unchanged. If new fermions are described by 4-component spinors with SU (2) singlet Dirac masses and vector-like gauge interactions there is no necessity for any Higgs fields. It fits well the recent LHC bounds on the number of generations [11] .
• NO pathological electric charge which results in restrictions on the representations of new fermions.
• Stability: the quartic coupling of the Higgs field self interaction λ is always positive under the renormalization group flow. It discriminates a single scenario with four generations.
Minimal working ULP: realization
We use Dirac mass terms Mψψ for new fermions and we are looking for a minimal number of them. New fermions belong to known representations of gauge group. • At 3.7 · 10 7 GeV R-quarkons (N R−quarkon = 4).
L-quarkons
• At 2.6 · 10 14 GeV L and R-leptos (N L−leptos = N R−leptos = 4).
This result follows from optimization of the RG running to the low-energy SM group and to the ULP at about 10 19 GeV. At one loop the running of the couplings is given by simple equations
GeV .
Where i = 1, 2, 3 represent the U(1), SU(2) and SU (3) 
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For the RG equations of gauge couplings, the constants b i are given by:
The integers N in these formulas refer to the number of quarkon and leptos multiplets contributing to beta functions.
Since the coefficients are piecewise constant, and change at the energies representing the scale at which the new particles, it is possible to do a systematic search. We have imposed as boundary condition of the differential equation that 1/α i = 0 at the Planck scale m p . The other low energy boundary conditions are given by the experimental values: α s = 0.118, g 1 = 0.359, g 2 = 0.648, g 3 = 1.165, y = 0.938, λ = 0.126 for M H = 126GeV at the scale of the top mass µ = M t = 173GeV .
We require that the scales be between the TeV region and the ULP, and that the evolution is monotonous (the curves must not intersect themselves). It results in the only allowed order of the different thresholds as one goes up: L-quarkons, R-quarkons, L-Leptos, R-Leptos and one finds the following solutions. As far as the top Yukawa coupling is concerned the equation is
This coupling happens to be almost undistinguishable from the standard model for energies up to 10 6 GeV, and vanishes at the ULP.
On the stability of the Higgs potential
Now we clarify how our vector-like fermions save the Universe from instability, i.e. how they prevent the RG flow from driving the quartic coupling λ (µ) to negative values.
The Yukawa constant term marked red is decreasing and the rest is positive keeping the coupling λ (µ) positive and growing.
The following figure demonstrates the one(two)-loop RG running of Higgs boson quartic coupling with a Landau pole driven by gauge couplings.
UV completion
It could well be the case that the onset of gravity corrections renders the ULP non-singular. Indeed gravity being non-renormalizable will require higher-dimensional operators with more derivatives to make the theory finite. In particular, we expect dimension six kinetic terms like
A more precise treatment can reckon upon an UV fixed point which leads to dimensional reduction of gauge fields,
This would correspond to a renormalization of the gauge coupling induced by gravity of the form
Thus gravitational corrections may soften the ULP behavior towards a new fixed point at strong coupling regime (see, for instance, [12] ).
Summary
• An idea of singular unification of ALL gauge interactions at the Planck scale, can be realized in the form of the Universal Landau Pole (ULP).
• The minimal working model of ULP generalization of the SM is constructed.
• Under the RG flow the top Yukawa coupling eventually goes to zero while the quartic coupling has a concordant singularity at the Planck scale. Such a RG behavior saves the Universe from instability problem.
• Yukawa couplings for quarks and leptons run to zero differently: the latter for leptons are diminishing more slowly (due to lack of gluon contribution). Thereby the ULP unification may give a partial resolution of fermion mass hierarchy problem in the range of strong gauge couplings [13] . For this problem the two-loop contribution may be essential.
